A three-dimensional (3D) geological model of known and potential aquifers as well as enclosing materials in the Fargo-Moorhead region of North Dakota and Minnesota was required for a current water supply assessment coordinated by U.S. Department of the Interior, Bureau of Reclamation and their partners. A multi-agency team funded by Reclamation therefore compiled, interpreted, and integrated existing geologic mapping at a scale of 1:200,000 for an area (Figure 1 ) extending from 46 to 47.5 degrees north latitude and from 98 to 95 degrees west longitude, an area 190 km east to west and 170 km north to south. These maps were merged with drillhole data ( Figure 2 ) for 30,000 sites, 60 Quaternary stratigraphic control sites, and new subsurface correlations to produce a 3D geological model extending down to the top of Precambrian rocks, compiled at a scale comparable to that of a 1:500,000 map. This new 3D geology and an accompanying USGS compilation of the quantitative properties of selected major aquifers will provide the framework necessary to conduct subsequent water resource analyses.
INTRODUCTION
The U.S. Department of the Interior, Bureau of Reclamation (Reclamation), and Garrison Diversion Conservancy are jointly preparing an environmental impact statement (EIS) for the Red River Valley Water Supply Project, which is intended to ensure that the future comprehensive water quality and quantity needs of the Red River Valley are met (Reclamation, 2005) . As part of current activity toward these objectives, it was recognized that there is a need to further compile consistent regional information on the capacity of known and potential ground-water sources. In particular, a need to synthesize published quantitative information on currently utilized ground-water sources in Minnesota was identified, to bring compilation of Minnesota data up to a standard similar to that already available for eastern North Dakota. Members of United States Geological Survey (USGS) staff therefore prepared a review on this topic (Reppe et al, 2005) . Concurrently, a need for a consistent, broad overview of all confirmed and potential ground-water sources that can presently be identified across the entire region also was recognized. This requirement was fulfilled in the form of geological maps, a 3D computer model, and accompanying documentation meant to facilitate subsequent ground water-related assessment and planning (Thorleifson et al, 2005) . The USGS report and the 3D model were commissioned by Reclamation, and were completed in 2005 by a team of agencies coordinated by the Minnesota Geological Survey (MGS).
METHOD
A surficial geology map was prepared to depict the character and distribution of the uppermost geological materials, from the point of view of texture, process, and history. The map shows deposits such as fine-grained Lake Agassiz clay along the Red River, the sandy Sheyenne Delta sediments southwest of Fargo, discontinuous sandy glacial outwash deposits, clay and silt-rich to gravelly tills, and Cretaceous sedimentary rocks such as shale. The Quaternary sediments, consisting of strata related to multiple cycles of glacial advance, retreat, and shifts in ice flow were categorized using standard stratigraphic procedures. A lithostratigraphic database used for the project includes textural and lithologic information for 6,533 sediment samples collected from outcrops, soil-probe borings, powerauger test holes, and rotasonic cores. The textural data include percent sand, silt, and clay. The lithologic data were derived from microscopic examination of the coarse-sand fraction and are presented as percent igneous and metamorphic rocks, carbonate, and shale. Computer-assisted interpretation techniques were used to produce reproducible interpretations of the till datasets. Twenty-four Pleistocene lithostratigraphic units and eight Holocene and Lake Agassiz units were identified for the Fargo-Moorhead study area. A database of drillholes classified on the basis of this new scheme was prepared, as a guide for subsequent 3D modeling. A bedrock geology map also was prepared to depict Cretaceous shale and sandstone that are thick in the west to thin and discontinuous in the east. The Precambrian rocks that underlie the entire study area consist of igneous and metamorphic rocks, commonly altered to clay to a depth of tens of meters. Glacial erosion has stripped this weathering horizon off the Precambrian rocks to a variable degree, although the weathering profile is largely intact where Cretaceous cover is present. A new compilation and interpretation of bedrock surface elevation as well as the elevation of the top of Precambrian igneous and metamorphic rock also was completed, allowing glacial sediment and sedimentary rock thicknesses to be calculated. This mapping in the Minnesota portion of the study area was based on subsurface information from ~11,000 wells in the County Well Index (CWI) database, including 445 wells interpreted to penetrate bedrock. Mapping in North Dakota was based on data compiled by the North Dakota Geological Survey and the North Dakota State Water Commission, including 2,800 wells that terminate within the sediments, and about 1,300 that penetrate bedrock. In the North Dakota portion of the study area, Ordovician Red River Formation carbonate and sandstone of the Winnipeg Formation Black Island Member have previously been inferred to be present between Cretaceous strata and the Precambrian. The 2D mapping was then merged with drillhole data, with the aid of current knowledge on geological processes and history, to produce a 3D depiction of the subsurface geology down to the top of Precambrian igneous and metamorphic rocks.
RESULTS
The greatest level of detail in the 3D model was constructed for four areas where important aquifers were known to occur, including the Hankinson area in southeastern North Dakota, the Fargo area that straddles the North Dakota-Minnesota border, as well as the Pelican River and Pineland areas in Minnesota. In the detail areas, deposits approximately 1 km or larger in horizontal extent are depicted, while for the remainder of the area, geological features approximately 5 km across or greater are depicted. Quantitative descriptions of sand bodies in the detail areas were derived. Current aquifer names were in some cases used, although the focus of the study was to best approximate the boundaries of the sand bodies, without attempting inferences regarding water resource potential. Over 130 sand deposits corresponding to known aquifers and potential aquifers were thus identified and mapped. Portions of twelve buried ice margins at various stratigraphic levels were mapped, suggesting trends that may be useful for future exploration and mapping. For several previously identified aquifers, revised geometry was presented. The work will be an appropriate and essential basis for additional more site-specific work, as well as hydrogeologic characterization of the strata, and analysis of potential water resources that may be utilized to support the future needs of the region. 
